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(54) MICRO-LIGHT-EMITTING DIODE

(57)  Amicro-light-emitting diode (micro-LED) (100A)
includes a first type semiconductor layer (122), a second
type semiconductor layer (124), a first edge isolation
structure (130), afirst electrode (140), and a second elec-
trode (150). The second type semiconductor layer and
the first edge isolation structure are joined with the first
type semiconductor layer. The first electrode is electri-

cally coupled with the first type semiconductor layer. At
least a part of a vertical projection of an edge of the first
type semiconductor layer on the first electrode overlaps
with the first electrode. The first edge isolation structure
is at least partially located on the part of the first type
semiconductor layer. The second electrode is electrically
coupled with the second type semiconductor layer.
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Description
BACKGROUND
Technical Field

[0001] The present disclosure relates to micro-light-
emitting diodes (micro-LEDs).

Description of Related Art

[0002] Intherecentyears, light-emitting diodes (LEDs)
have become popular in general and commercial lighting
applications. As light sources, LEDs have many advan-
tages including lower energy consumption, longer life-
time, smaller size, and faster switching, and hence con-
ventional lighting, such as incandescent lighting, is grad-
ually replaced by LED lights. In an LED, when electrons
and holes recombine across the semiconductor gap, the
recombination energy is emitted in the form of photons
and generates light. This recombination mechanism is
the so-called radiative recombination.

[0003] An LED display which uses micro size LED ar-
rays to control the current flow and maintain the efficiency
and uniformity of the display is important.

SUMMARY

[0004] According to one embodiment of this invention,
a micro-light-emitting diode (micro-LED) includes a first
type semiconductor layer, a second type semiconductor
layer, afirst edge isolation structure, afirst electrode, and
a second electrode. The second type semiconductor lay-
er and the first edge isolation structure are joined with
the first type semiconductor layer. The first electrode is
electrically coupled with the first type semiconductor lay-
er. At least a part of a vertical projection of an edge of
the first type semiconductor layer on the first electrode
overlaps with the first electrode. The first edge isolation
structure is at least partially located on the part of the first
type semiconductor layer. The second electrode is elec-
trically coupled with the second type semiconductor lay-
er. At least one of the first electrode and the second elec-
trode is at least partially transparent.

[0005] In an embodiment of the invention, the vertical
projection of the edge of the first type semiconductor layer
on the first electrode wholly overlaps with the first elec-
trode, and the first edge isolation structure is at least par-
tially located on the vertical projection of the first type
semiconductor layer.

[0006] In an embodiment of the invention, the vertical
projection of the edge of the first type semiconductor layer
on the first electrode wholly overlaps with the first elec-
trode, and the first edge isolation structure is wholly lo-
cated on the vertical projection of the first type semicon-
ductor layer.

[0007] Inanembodiment ofthe invention, the firstedge
isolation structure is a dielectric layer.
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[0008] Inanembodiment of the invention, the first type
semiconductor layer and the second type semiconductor
layer form a first p-n junction. The first edge isolation
structure and the first type semiconductor layer form a
second p-n junction. The first electrode and the second
electrode are configured to forward bias the first p-n junc-
tion while reverse bias the second p-n junction.

[0009] Inanembodiment of the invention, the first type
semiconductor layer is a p type semiconductor layer, and
the second type semiconductor layer and the first edge
isolation structure are n type semiconductor layers.
[0010] Inanembodiment of the invention, the first type
semiconductor layer is an n type semiconductor layer,
and the second type semiconductor layer and the first
edge isolation structure are p type semiconductor layers.
[0011] Inanembodiment of the invention, the first type
semiconductor layer and the second type semiconductor
layerform a p-n junction, and the firstedge isolation struc-
ture and the first type semiconductor layer form a
Schottky barrier.

[0012] Inanembodimentofthe invention, thefirstedge
isolation structure is a plasma-treated portion of the first
type semiconductor layer.

[0013] Inanembodiment of the invention, the first type
semiconductor layer has a resistivity p4, the first edge
isolation structure layer is a high resistivity layer which
has a resistivity p,,, and py, > p4.

[0014] Inanembodimentofthe invention, thefirstedge
isolation structure is an electron blocking layer, and the
first type semiconductor layer is an n type semiconductor
layer.

[0015] Inanembodimentofthe invention, thefirstedge
isolation structure is a hole blocking layer, and the first
type semiconductor layer is a p type semiconductor layer.
[0016] Inanembodimentoftheinvention, a micro-LED
display includes a substrate and at least one micro-LED.
The substrate has a bonding electrode. A combination
of the first type semiconductor layer, the second type
semiconductor layer, the first edge isolation structure,
the first electrode, and the second electrode is joined with
the bonding electrode. The first type semiconductor layer
is proximal to the substrate, and the second type semi-
conductor layer is distal to the substrate.

[0017] Inanembodimentofthe invention, a micro-LED
display includes a substrate and at least one micro-LED.
A combination of the first type semiconductor layer, the
second type semiconductor layer, the first edge isolation
structure, the first electrode, and the second electrode is
joined with the substrate. The first type semiconductor
layer is proximal to the substrate. The second type sem-
iconductor layer is distal to the substrate. The first elec-
trode serves as a bonding electrode of the substrate.
[0018] Inanembodimentoftheinvention, a micro-LED
display includes a substrate and the micro-LED. The sub-
strate has a bonding electrode. A combination of the first
type semiconductor layer, the second type semiconduc-
tor layer, the first edge isolation structure, the first elec-
trode, and the second electrode is joined with the bonding
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electrode. The first type semiconductor layer is distal to
the substrate, and the second type semiconductor layer
is proximal to the substrate.

[0019] Inanembodiment of the invention, a micro-LED
display includes a substrate and at least one micro-LED.
A combination of the first type semiconductor layer, the
second type semiconductor layer, the first edge isolation
structure, the first electrode, and the second electrode is
joined with the substrate. The first type semiconductor
layer is distal to the substrate. The second type semicon-
ductorlayer is proximal to the substrate. The second elec-
trode serves as a bonding electrode of the substrate.
[0020] In an embodiment of the invention, said one of
the first electrode and the second electrode is wholly
transparent.

[0021] Inanembodimentofthe invention, the firstelec-
trode is electrically coupled with the first type semicon-
ductor layer through atleast one passage of the firstedge
isolation structure formed between the first type semi-
conductor layer and the first electrode.

[0022] In an embodiment of the invention, current
spreading length of lateral direction is proportional to

/%) The first type semiconductor layer has a resis-

tivity p4 and a thickness t4, the second type semiconduc-
tor layer has a resistivity p, and a thickness t,, and

h t2
- < -
p1 p2

[0023] In an embodiment of the invention, the micro-
LED further includes a second edge isolation structure.
The second edge isolation structure is joined with the
second type semiconductor layer. The second electrode
extends through at least one passage of the second edge
isolation structure formed between the second type sem-
iconductor layer and the second electrode to be electri-
cally coupled with the second type semiconductor layer.
[0024] Inanembodimentofthe invention, the firstelec-
trode at least partially covers the exposed part of the first
type semiconductor layer through the passage of the first
edge isolation structure.

[0025] In an embodiment of the invention, the second
electrode at least partially contacts the second type sem-
iconductor layer.

[0026] Inanembodimentoftheinvention, the firstelec-
trode at least partially contacts the first type semiconduc-
tor layer.

[0027] In an embodiment of the invention, the micro-
LED further includes an active layer. The active layer is
disposed between the first type semiconductor layer and
the second type semiconductor layer. The first edge iso-
lation structure is disposed between at least a part of the
first type semiconductor layer and the active layer.
[0028] Inanembodiment of the invention, the firstedge
isolation structure contacts the active layer.
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[0029] Inanembodimentofthe invention, thefirstedge
isolation structure is disposed in the first type semicon-
ductor layer without contacting the active layer.

[0030] In an embodiment of the invention, the micro-
LED further includes a second edge isolation structure.
The second edge isolation structure is disposed between
at least a part of the second type semiconductor layer
and the active layer.

[0031] In an embodiment of the invention, the micro-
LED further includes a second edge isolation structure.
The second edge isolation structure is joined with the
second type semiconductor layer. The second electrode
extends through atleast one passage of the second edge
isolation structure formed between the second type sem-
iconductor layer and the second electrode to be electri-
cally coupled with the second type semiconductor layer.
[0032] Inanembodiment of the invention, the passage
of the first edge isolation structure is in the form of an
opening.

[0033] The passage of the first edge isolation structure
can lead most of the current flow into a certain area of
the active layer. When the micro-LED is forward biased,
charge carriers flow from the passage to the junction of
the first type semiconductor layer and the second type
semiconductor layer. Since the first edge isolation struc-
ture isolates at least a part of the edge of the micro-LED,
charge carriers spreading to the side surface of the micro-
LED are rare or none. Therefore, the non-radiative re-
combination occurring at the side surface of the micro-
LED can be reduced, thereby increasing the efficiency
of the micro-LED.

[0034] Moreover, since the first edge isolation struc-
ture limits charge carriers spreading to the side surface
of the micro-LED to be rare or none, the leakage currents
of the micro-LED can be reduced regardless of the lattice
defects in the side surface of the micro-LED, which is
helpful for continue miniaturization of the micro-LED.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035]

Fig. 1 is a cross-sectional view of a micro-light-emit-
ting diode (micro-LED) disposed on a receiving sub-
strate according to an embodiment of this invention;

Fig. 2A is a cross-sectional side view illustration of
a bulk LED substrate according to an embodiment
of the invention;

Fig. 2B is an enlarged section of the p-n diode layer
in FIG. 2A;

Fig. 2C is a cross-sectional side view illustration of
a patterned edge isolation structure formed on the
p-n diode layer in Fig. 2A according to an embodi-
ment of the invention;
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Fig. 2D is a cross-sectional side view illustration of
afirst conductive layer formed on the patterned edge
isolation structure in Fig. 2C according to an embod-
iment of the invention;

Fig. 2E is a cross-sectional side view illustration of
a carrier substrate with an adhesive layer according
to an embodiment of the invention;

Fig. 2F is a cross-sectional side view illustration of
bonding the structure of Fig. 2D and the structure of
Fig. 2E together according to an embodiment of the
invention;

Fig. 2G is a cross-sectional side view illustration of
removing the growth substrate from the bonded
structure in Fig. 2F and thinning-down the p-n diode
layer according to an embodiment of the invention;

Fig. 2H is a cross-sectional side view illustration of
etching the p-n diode layer and the first conductive
layer in Fig. 2G to form micro p-n diodes according
to an embodiment of the invention;

Fig. 21 is a cross-sectional side view illustration of a
transfer head picking up a micro-LED from the carrier
substrate in Fig. 2H according to an embodiment of
the invention;

Fig. 3 is an enlarged cross-sectional view of the mi-
cro-LED in Fig. 1 according to a first embodiment of
this invention;

Fig. 4A is a plan view of an edge isolation structure
according to an embodiment of this invention;

Fig. 4B is a plan view of an edge isolation structure
according to another embodiment of this invention;

Fig. 4C is a plan view of an edge isolation structure
according to another embodiment of this invention;

Fig. 4D is a plan view of an edge isolation structure
according to another embodiment of this invention;

Fig. 4E is a plan view of an edge isolation structure
according to another embodiment of this invention;

Fig. 5A is an enlarged cross-sectional view of the
micro-LED in Fig. 1 according to a second embodi-
ment of this invention;

Fig. 5B is an enlarged cross-sectional view of the
micro-LED in Fig. 1 according to a third embodiment
of this invention;

Fig. 6A is a cross-sectional view of a micro-LED dis-
posed on a receiving substrate according to an em-
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bodiment of this invention;

Fig. 6B is an enlarged cross-sectional view of the
micro-LED in Fig. 6A according to an embodiment
of this invention;

Fig. 6C is an enlarged cross-sectional view of the
micro-LED in Fig. 6A according to an embodiment
of this invention;

Fig. 7A is a cross-sectional view of a micro-LED dis-
posed on a receiving substrate according to an em-
bodiment of this invention;

Fig. 7B is an enlarged cross-sectional view of the
micro-LED in Fig. 7A according to an embodiment
of this invention;

Fig. 8 is an enlarged cross-sectional view of a micro-
LED according to another embodiment of this inven-
tion;

Fig. 9A is a cross-sectional view of a micro-LED dis-
posed on a receiving substrate according to an em-
bodiment of this invention;

Fig. 9B is an enlarged cross-sectional view of the
micro-LED in Fig. 9A according to an embodiment
of this invention;

Fig. 9C is an enlarged cross-sectional view of the
micro-LED in Fig. 9A according to another embodi-
ment of this invention;

Fig. 9D is an enlarged cross-sectional view of the
micro-LED in Fig. 9A according to another embodi-
ment of this invention;

Fig. 9E is an enlarged cross-sectional view of the
micro-LED in Fig. 9A according to another embodi-
ment of this invention;

Fig. 9F is an enlarged cross-sectional view of the
micro-LED in Fig. 9A according to another embodi-
ment of this invention;

Fig. 9G is an enlarged cross-sectional view of the
micro-LED in Fig. 9A according to another embodi-
ment of this invention;

Fig. 10 is a cross-sectional views illustrating a re-
ceiving substrate according to an embodiment of the
invention;

Fig. 11 is a cross-sectional view illustrating the re-
ceiving substrate according to another embodiment
of the invention;
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Fig. 12 is a circuit diagram of a subpixel with 2T1C
circuitry in an active matrix display in accordance
with an embodiment of the invention; and

Fig. 13 is a circuit diagram of a subpixel according
to an embodiment of the invention.

DETAILED DESCRIPTION

[0036] Inthe following detailed description, for purpos-
es of explanation, numerous specific details are set forth
in order to provide a thorough understanding of the dis-
closed embodiments. It will be apparent, however, that
one or more embodiments may be practiced without
these specific details. In other instances, well-known
structures and devices are schematically shown in order
to simplify the drawing.

[0037] Embodiments of the present invention describe
micro semiconductor devices and a method of forming
an array of micro semiconductor devices such as micro-
light-emitting diodes (micro-LEDs) for transfer to a re-
ceiving substrate. For example, the receiving substrate
may be, but is not limited to, a display substrate.

[0038] In various embodiments, description is made
with reference to figures. However, certain embodiments
may be practiced without one or more of these specific
details, or in combination with other known methods and
configurations. In the following description, numerous
specific details are set forth, such as specific configura-
tions, dimensions and processes, etc., in order to provide
athorough understanding of the presentinvention. In oth-
er instances, well-known semiconductor processes and
manufacturing techniques have not been described in
particular detail in order to not unnecessarily obscure the
present invention. Reference throughout this specifica-
tion to "one embodiment," "an embodiment" or the like
means that a particular feature, structure, configuration,
or characteristic described in connection with the embod-
iment is included in at least one embodiment of the in-
vention. Thus, the appearances of the phrase "in one
embodiment," "in an embodiment" or the like in various
places throughout this specification are not necessarily
referring to the same embodiment of the invention. Fur-
thermore, the particular features, structures, configura-
tions, or characteristics may be combined in any suitable
manner in one or more embodiments.

[0039] The terms "over," "to," "between" and "on" as
used herein may refer to a relative position of one layer
with respect to other layers. One layer "over" or "on" an-
other layer or bonded "to" another layer may be directly
in contact with the other layer or may have one or more
intervening layers. One layer "between" layers may be
directly in contact with the layers or may have one or
more intervening layers.

[0040] The terms "micro" device, "micro" p-n diode or
"micro" LED structure as used herein may refer to the
descriptive size of certain devices or structures according
to embodiments of the invention. As used herein, the
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terms "micro" devices or structures are meant to refer to
the scale of 1to 100 um. However, it is to be appreciated
that embodiments of the present invention are not nec-
essarily so limited, and that certain aspects of the em-
bodiments may be applicable to larger, and possibly
smaller size scales.

[0041] Some embodiments of the invention describe a
method of processing a bulk LED substrate into an array
of micro-LEDs which are poised for pick up and transfer
to a receiving substrate. In this manner, it is possible to
integrate and assemble micro-LEDs into heterogeneous-
ly integrated systems. The micro-LEDs can be picked up
and transferred individually, in groups, or as the entire
array. Thus, the micro-LEDs in the array of micro-LEDs
are poised for pick up and transfer to areceiving substrate
such as display substrate of any size ranging from micro
displays to large area displays, and at high transfer rates.
In some embodiments, arrays of micro-LEDs which are
poised for transfer are described as having a fine pitch
and each micro LED has a regular octagon shape with
the pitch size of 10um. Thus a 4-inch LED epi wafer could
be divided into an micro LED array which contains more
than 27 million devices. Thus, a high density of pre-fab-
ricated micro devices with a specific functionality may be
produced in a manner in which they are poised for pick
up and transfer to a receiving substrate.

[0042] Fig. 1is a cross-sectional view of a micro-light-
emitting diode (micro-LED) 100A disposed on areceiving
substrate 300 according to an embodiment of this inven-
tion. Thereceiving substrate 300 is illustrated as adisplay
substrate including a bonding electrode 310 joined with
the micro-LED 100A, for example, and the details of the
receiving substrate 300 can be referred to Fig. 10 and
will be described in more detail in the following descrip-
tion. The micro-LED 100A includes a micro p-n diodes
120a, an edge isolation structure 130, a first conductive
layer 140, and a second conductive layer 150. The micro-
LED 100A shown in Fig. 1 can be manufactured accord-
ing to operations sequentially illustrated by Fig. 2C-2I,
for example.

[0043] Fig. 2Ais a cross-sectional side view illustration
of a bulk LED substrate according to an embodiment of
the invention. Referring now to Fig. 2A, a semiconductor
device layer 120 is formed on a growth substrate 110. In
an embodiment, the semiconductor device layer 120 may
not be fully functionalized. For example, contacts such
as an anode or cathode may not yet be formed. In the
interest of conciseness and to not obscure embodiments
of the invention, the following description is made with
regard to the semiconductor device layer 120 as a p-n
diode layer 120 grown on the growth substrate 110 ac-
cording to conventional heterogeneous growth condi-
tions.

[0044] The p-n diode layer 120 may include a com-
pound semiconductor having a bandgap corresponding
to a specific region in the spectrum. For example, the p-
n diode layer 120 may include one or more layers based
on II-VI materials (e.g. ZnSe, ZnO) or IlI-V nitride mate-
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rials (e.g. GaN, AIN, InN, InGaN, GaP, AlinGaP, AIGaAs
and their alloys). The growth substrate 110 may include
any suitable substrate such as, but not limited to, silicon,
SiC, GaAs, GaN and sapphire (Al,O3).

[0045] In a particular embodiment, the growth sub-
strate 110 is sapphire, and the p-n diode layer 120 is
formed of GaN. Despite the fact that sapphire has a larger
lattice constant and thermal expansion coefficient mis-
match with respect to GaN, sapphire is reasonably low
cost, widely available and its transparency is compatible
with laser lift-off (LLO) techniques. In another embodi-
ment, another material such as SiC may be used as the
growth substrate 110 for the GaN p-n diode layer 120.
Like sapphire, SiC substrates may be transparent. Sev-
eral growth techniques may be used for growth of the p-
n diode layer 120 such as metalorganic chemical vapor
deposition (MOCVD).

[0046] Fig. 2B is an enlarged section of the p-n diode
layer 120 in FIG. 2A. In the particular embodiment illus-
trated in Fig. 2B, the p-n diode layer 120 may include a
first type semiconductorlayer 122 (e.g., a p-doped layer),
an active layer 123, a second type semiconductor layer
124 (e.g., an n-doped layer), and a buffer bulk GaN layer
121. In some embodiments, the buffer bulk GaN layer
121 is optionally not formed in the p-n diode layer 120,
so the following operation of removing the buffer bulk
GaN layer 121 (i.e., the operation illustrated in Fig. 2G)
can be omitted. The buffer bulk GaN layer 121 may be
n-doped due to silicon or oxygen contamination, or in-
tentionally doped with a donor such as silicon. The sec-
ond type semiconductor layer 124 may likewise be doped
with a donor such as silicon, while first type semiconduc-
tor layer 122 may be doped with an acceptor such as
magnesium. A variety of alternative p-n diode configura-
tions may be utilized to form the p-n diode layer 120.
Likewise, a simple p-n contact junction or a variety of
single quantum well (SQW) or multiple quantum well
(MQW) configurations may be utilized to form the active
layer 123. In addition, various buffer layers may be in-
cluded as appropriate. In one embodiment, the sapphire
growth substrate 110 has a thickness of approximately
100 pm-400 pm, the buffer bulk GaN layer 121 has a
thickness of approximately 3 wm-5 pum, the second type
semiconductor layer 124 has a thickness of approximate-
ly 0.1 pm-5 pm, the active layer 123 has a thickness less
than approximately 100-400 nm, and the first type sem-
iconductor layer 122 has a thickness of approximately
100 nm-1 pm.

[0047] Fig.2Cis across-sectional side view illustration
of a patterned edge isolation structure 130 formed on the
p-n diode layer 120 in Fig. 2A according to an embodi-
ment of the invention. Referring now to Fig. 2C, an edge
isolation structure 130 may then be formed over the p-n
diode layer 120, and a plurality of passage 131 are
formed within the edge isolation structure 130. In the em-
bodiment of the invention, after a plurality of the micro-
LEDs 100A are manufactured (as described in the fol-
lowing description), each of the micro-LEDs 100A has
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one passage 131, but the invention is not limited in this
regard. In some embodiments, after a plurality of the mi-
cro-LEDs 100A are manufactured, each of the micro-
LEDs 100A may have more than one passage 131.
[0048] Fig. 2D is a cross-sectional side view illustration
of a first conductive layer 140 formed on the patterned
edge isolation structure 130 in Fig. 2C according to an
embodiment of the invention. Referring now to Fig. 2D,
a first conductive layer 140 may then be formed over the
edge isolation structure 130. The first conductive layer
140 is electrically coupled with the exposed parts of the
first type semiconductor layer 122 of the p-n diode layer
120 through the passage 131. The first conductive layer
140 serves as an electrode layer, though other layers
may be included. In an embodiment, the first conductive
layer 140 has a thickness of approximately 0.1 pm-15
pm. In another embodiment, the first conductive layer
140 may also be optically transparent. Transparency may
be accomplished by making the first conductive layer 140
very thin to minimize light absorption or using the trans-
parent conductive materials. Alternatively, in some em-
bodiments, the first conductive layer 140 is formed on
the receiving substrate 300 in advance, rather than
formed on the patterned edge isolation structure 130 (as
illustrated in Fig. 2D).

[0049] Fig. 2E is a cross-sectional side view illustration
of a carrier substrate with an adhesive layer 210 accord-
ing to an embodiment of the invention. Fig. 2F is a cross-
sectional side view illustration of bonding the structure
of Fig. 2D and the structure of Fig. 2E together according
to an embodiment of the invention. According to certain
embodiments of the invention, a combination of the p-n
diode layer 120, the edge isolation structure 130, and the
first conductive layer 140 grown on the growth substrate
110is subsequently transferred to a carrier substrate 200
before chipped, such as one illustrated in Fig. 2F and
described in more detail in the following description. In
some embodiments, the first conductive layer 140 and
the p-n diode layer 120 may be chipped prior to transfer
to a carrier substrate 200. Accordingly, embodiments of
the invention may be implemented in a multitude of var-
iations during formation of an array of micro-LEDs 100A
for subsequent transfer to the receiving substrate 300.
[0050] Inanembodiment, the adhesive layer 210 may
have a thickness of approximately 0.1 um-100 pm.
[0051] The adhesive layer 210 may be made of adhe-
sion capable organic or non-organic materials, e.g., UV
curable glue or silicone. The adhesive layer 210 may be
formed from a material which is capable of adhering the
combination of the p-n diode layer 120, the edge isolation
structure 130, and the first conductive layer 140 to the
carrier substrate 200. Specifically, the adhesion force of
the adhesive layer 210 could be adjusted or reduced by
an electricfield, UV light, electromagneticradiation, heat,
ultrasound, mechanical force, pressure, or any combina-
tions thereof. Referring now to Fig. 2F, the combination
of the p-n diode layer 120, the edge isolation structure
130, and the first conductive layer 140 and the carrier
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substrate 200 may be bonded together by using the ad-
hesive layer 210.

[0052] Fig.2G is across-sectional side view illustration
of removing the growth substrate 110 from the bonded
structure in Fig. 2F and thinning-down the p-n diode layer
120 according to an embodiment of the invention. Refer-
ring now to Fig. 2G, the growth substrate 110 has been
removed from the bonded structure. The growth sub-
strate 110 may be removed by a suitable method such
as chemical lift-off or laser lift-off (LLO). While using LLO,
the absorption in the GaN p-n diode layer 120 at the in-
terface results in localized heating of the interface result-
ing in decomposition at the interfacial GaN to liquid Ga
metal and nitrogen gas. Once the desired are has been
irradiated, the transparent sapphire growth substrate 110
can be removed by remelting the Ga on a hotplate.
[0053] Referring now to Fig. 2G, the p-n diode layer
120 is then thinned down to a desirable thickness. Re-
ferring back to the enlarged p-n diode layer 120 in Fig.
2B, a predetermined amount of the buffer bulk GaN layer
121 (which may be n-type) or a portion of the second
type semiconductor layer 124 are removed so that an
operable p-ndiode remains after thinning. The buffer bulk
GaN layer 121 can be fully etched. Alternatively, the buff-
er bulk GaN layer 121 can be partially etched to form
contact holes via which the second type semiconductor
layer 124 can be electrically coupled with the second
conductive layer 150 shown in Fig. 1. In some embodi-
ments, the buffer bulk GaN layer 121 is optionally not
formed in the p-n diode layer 120, so the operation of
removing the buffer bulk GaN layer 121 (i.e., the opera-
tion illustrated in Fig. 2G) can be omitted. Depending
upon the underlying structure, the thinning process may
be optionally performed utilizing suitable techniques
such as dry etching to etch the buffer bulk GaN layer 121.
[0054] Fig.2H s a cross-sectional side view illustration
of etching the p-n diode layer 120 and the first conductive
layer 140 in Fig. 2G to form micro p-n diodes 120a ac-
cording to an embodiment of the invention. Referring now
to Fig. 2H, the plurality of micro p-n diodes 120a are po-
sitioned over the adhesive layer 210. In the embodiment,
the micro p-n diodes 120a have vertical sidewalls. For
example, ICP (Inductively Coupled Plasma) which a chlo-
rine-based etch chemistry may be utilized to obtain ver-
tical sidewalls.

[0055] Fig. 2l is a cross-sectional side view illustration
of a transfer head 400 picking up a micro-LED 100’ from
the carrier substrate 200 in Fig. 2H according to an em-
bodiment of the invention. Referring now to Fig. 2I, the
micro-LEDs 100’ or array of micro-LEDs 100’ in Fig. 21
are poised for pick up and transfer to the receiving sub-
strate 300 illustrated in Fig. 1, for example with a transfer
head 400.

[0056] Insome embodiments, the Young’s modulus of
the adhesive layer 210 is less than or equal to 30 GPa.
As a result, the adhesive layer 210 may absorb impact
forces associated with contacting the micro-LEDs 100’
with a transfer head 400 during the pick up process.
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[0057] Referring back to Fig. 2H, the carrier substrate
200 is provided having an array of micro-LEDs 100’ dis-
posed thereon. Each micro-LED 100’ may atleastinclude
the micro p-n diode 120a, the edge isolation structure
130 having at least one passage 131, and the first con-
ductive layer 140, with the first conductive layer 140 be-
tween the edge isolation structure 130 and the adhesive
layer 210 on the carrier substrate 200. To transfer the
micro-LED 100’ to the receiving substrate 300 illustrated
in Fig. 1, the adhesion force of the adhesive layer 210 is
decreased by an electric field, UV light, electromagnetic
radiation, heat, ultrasound, mechanical force, pressure,
or any combinations thereof in advance. A combination
of the micro p-n diode 120a, the edge isolation structure
130, the first conductive layer 140 is then be picked up
with the transfer head 400 and then placed on the receiv-
ing substrate 300.

[0058] A variety of suitable transfer heads can be uti-
lized to aid in the pick up and placement operations ac-
cording to embodiments of the invention. For example,
the transfer head 400 may exert a pick up pressure on
the micro-LED 100’ according to vacuum, magnetic, ad-
hesive, or electrostatic attraction in order to pick up the
micro-LED 100’

[0059] Referring back to Fig. 1 which is an illustration
of the receiving substrate 300 onto which a micro-LED
100A has been placed. In the embodiment, the receiving
substrate 300 is a display substrate. In the particular em-
bodiment illustrated, the micro-LED 100’ shown in Fig.
21 may be placed over the bonding electrode 310 of the
receiving substrate 300. A second conductive layer 150
may then be formed over the micro p-n diode 120a, so
as to form the micro-LED 100A shown in Fig. 1. In some
embodiments, the second conductive layer 150 is formed
from a transparent contact material such as indium tin
oxide (ITO). In some embodiments, the second conduc-
tive layer 150 is in the form of a bonding wire.

[0060] In one embodiment, the p-n diode 120a may
include a second type semiconductor layer 124 with a
thickness of approximately 0.1 wm-50 wm, the active lay-
er 123 (which may be SQW or MQW) with a thickness
approximately 50 nm-5 pm, and the first type semicon-
ductor layer 122 with thickness of approximately 50 nm-
20 pm. In an embodiment, the second type semiconduc-
tor layer 124 may be 0.1 pum-6 pm thick (which may in-
clude or replace buffer bulk layer 121 previously de-
scribed).

[0061] Fig. 3is anenlarged cross-sectional view of the
micro-LED 100A in Fig. 1 according to a firstembodiment
of this invention. The micro-LED 100A includes a micro
p-n diode 120a, an edge isolation structure 130, a first
conductive layer 140, and a second conductive layer 150.
The micro p-n diode 120a includes a first type semicon-
ductor layer 122, an active layer 123, and a second type
semiconductor layer 124. The second type semiconduc-
tor layer 124 is joined with the first type semiconductor
layer 122. The active layer 123 is disposed between the
first type semiconductor layer 122 and the second type
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semiconductor layer 124. The edge isolation structure
130 is joined with the first type semiconductor layer 122.
The edgeisolation structure 130 has atleast one passage
131 formed between the first type semiconductor layer
122 and the first conductive layer 140. The first conduc-
tive layer 140 is partially joined with the edge isolation
structure 130 and is electrically coupled with the first type
semiconductor layer 122 through the passage 131 of the
edge isolation structure 130. The second conductive lay-
er 150 is electrically coupled with the second type sem-
iconductor layer 124. At least one of the first conductive
layer 140 and the second conductive layer 150 is at least
partially transparent.

[0062] In the embodiment, the first conductive layer
140 wholly covers the exposed part of the first type sem-
iconductor layer 122 through the passage 131 of the edge
isolation structure 130, but the invention is not limited in
this regard.

[0063] Referring to Fig. 1 and Fig. 3, in the embodi-
ment, a combination of the first type semiconductor layer
122, the active layer 123, the second type semiconductor
layer 124, the edge isolation structure 130, the first con-
ductive layer 140, and the second conductive layer 150
is joined with the bonding electrode 310 on the receiving
substrate 300, so as to form a micro-LED display. In the
embodiment, the first type semiconductor layer 122 is
proximal to the receiving substrate 300, the second type
semiconductor layer 124 is distal to the receiving sub-
strate 300, and the second conductive layer 150 is wholly
transparent.

[0064] Fig.4Ais aplan view of an edge isolation struc-
ture 130 according to an embodiment of this invention.
Referring now to Fig. 4A, in the embodiment, a vertical
projection of an edge of the first type semiconductor layer
122 on the first conductive layer 140 wholly overlaps with
the first conductive layer 140, and the edge isolation
structure 130 is wholly located on the vertical projection
ofthe edge of the first type semiconductor layer 122. That
is, the edge isolation structure 130 of Fig. 4A wholly iso-
lates between the edge of the first type semiconductor
layer 122 and the first conductive layer 140, but the in-
vention is not limited in this regard. In addition, the pas-
sage 131 of the edge isolation structure 130 of Fig. 4A
is in the form of an opening, butthe invention is not limited
in this regard.

[0065] Fig.4Bis a plan view of an edge isolation struc-
ture 130 according to another embodiment of this inven-
tion. Referring now to Fig. 4B, in the embodiment, the
edge isolation structure 130 is also wholly located on the
vertical projection of the edge of the first type semicon-
ductor layer 122. The difference between Fig. 4B and
Fig. 4A is that the vertical projection of the edge of the
first type semiconductor layer 122 in Fig. 4B is octagonal.
Other details of Fig. 4B are similar to Fig. 4A and therefore
are not repeated here to avoid duplicity.

[0066] Fig.4Cis aplanview of an edge isolation struc-
ture 130 according to another embodiment of this inven-
tion. The difference between the edge isolation structure
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130 of Fig. 4C and the edge isolation structure 130 of
Fig. 4A is that the edge isolation structure 130 of Fig. 4C
is partially located on the vertical projection of the edge
of the first type semiconductor layer 122. That is, the
edge isolation structure 130 of Fig. 4C partially isolates
between the edge of the first type semiconductor layer
122 and the first conductive layer 140.

[0067] AsshowninFig.3,the passage 131 ofthe edge
isolation structure 130 defines the contact interface be-
tween the first conductive layer 140 and the first type
semiconductor layer 122. When the micro-LED 100A is
forward biased, charge carriers flow from the contact in-
terface between the first conductive layer 140 and the
first type semiconductor layer 122 to the junction of the
first type semiconductor layer 122 and the second type
semiconductor layer 124 (i.e., the active layer 123). Since
the edge isolation structure 130 at least partially isolates
between the edge of the first type semiconductor layer
122 and the first conductive layer 140, charge carriers
spreading to the side surface of the micro-LED 100A are
rare or none. Therefore, the non-radiative recombination
occurring at the side surface of the micro-LED 100A can
be reduced, thereby increasing the efficiency of the mi-
cro-LED 100A.

[0068] In some embodiments, the size of the micro-
LED 100A is smaller than 250 pm X 250 wm or 0.0625
mm?2.

[0069] Specifically, to reduce the non-radiative recom-
bination occurring at the side surface of the micro-LED
100A, the micro-LED 100A having the edge isolation
structure 130 generally comply with the inequality: L/A >
L'/A’, where L is the original perimeter of the edge of the
first type semiconductor layer 122 viewed in a direction
normal to the first type semiconductor layer 122, A is the
original area of the first type semiconductor layer 122
viewed in the direction, L’ is the perimeter of the part of
the edge of the first type semiconductor layer 122 that is
not covered by the edge isolation structure 130 viewed
in the direction, and A’ is the area of the part of the first
type semiconductor layer 122 that is not covered by the
edge isolation structure 130 viewed in the direction.
[0070] For example, the size of the first type semicon-
ductor layer 122 of Fig. 4C is 100 wm X 100 pm, and the
size of the edge isolation structure 130 is 100 um X 3
wm. Therefore, the value of L/A = (100X4)/(100X100) =
0.04, and the value of L'/A’ = (100+97X2)/(100X97) =
0.03 which is smaller than L/A. As a result, the edge iso-
lation structure 130 in the micro-LED 100A of Fig. 4C
complies with the above-mentioned inequality and thus
can effectively reduce the non-radiative recombination
occurring at the side surface of the micro-LED 100A.
[0071] Fig.4D is aplan view of an edge isolation struc-
ture 130 according to another embodiment of this inven-
tion. Referring now to Fig. 4D, in the embodiment, the
edge isolation structure 130 is also partially located on
the vertical projection of the edge of the first type semi-
conductor layer 122. The difference between Fig. 4D and
Fig. 4C is that the vertical projection of the edge of the
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first type semiconductor layer 122 in Fig. 4D is octagonal.
Other details of Fig. 4D are similar to Fig. 4C and there-
fore are not repeated here to avoid duplicity.

[0072] Fig.4Eisa plan view of an edge isolation struc-
ture 130 according to another embodiment of this inven-
tion. Similarly, the difference between the edge isolation
structure 130 of Fig. 4E and the edge isolation structure
130 of Fig. 4A is that the edge isolation structure 130 of
Fig. 4E is partially located on the vertical projection of
the edge of the first type semiconductor layer 122. How-
ever, for example, the size of the first type semiconductor
layer 122 of Fig. 4E is 100 um X 100 wm, and the edge
isolation structure 130 covers the first type semiconduc-
tor layer 122 except four corners of which the size of each
is 10 um X 10 pm. Therefore, the value of L'/A’ =
(10X2X4)/(10X10X4) = 0.2 which is larger than L/A. Un-
der the circumstances, the edge isolation structure 130
in the micro-LED 100A of Fig. 4C violates the above-
mentioned inequality and thus cannot reduce the non-
radiative recombination occurring at the side surface of
the micro-LED 100A.

[0073] In some embodiments, the current spreading
length of the first type semiconductor layer 122 is less
thanthe current spreading length of the second type sem-
iconductor layer 124. In some embodiments, the current
spreading length of the second type semiconductor layer
124 is over 20 times greater than the current spreading
length of the first type semiconductor layer 122. In this
configuration, charge carriers in the first type semicon-
ductor layer 122 are more difficult to spread to the side
surface of the first type semiconductor layer 122 and/or
the side surface of the active layer 123. Therefore, the
surface recombination and the leakage currents oc-
curred at the side surface of the micro-LED 100A can be
decreased.

[0074] The current spreading length of lateral direction
of a semiconductor layer of a diode is determined by the
following equation I:

m ideal KT
plold

................. Equation |

, where L, is the current spreading length of the semi-
conductor layer of the diode, t is the thickness of the
semiconductor layer, niygy is the ideality factor of the
diode, K is the Boltzmann constant, T is the temperature
of the semiconductor layer in Kelvin, p is the resistivity
of the semiconductor layer, Jo is the current density at
the interface between the semiconductor layer and an
electrode of the diode, and e is the electric charge of an
electron.

[0075] As confirmed by the aforementioned equation
I, the current spreading length of the semiconductor layer
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t
of the diode is proportional to — Therefore, in
\/ P

some embodiments, the first type semiconductor layer
122 has a resistivity p4 and a thickness t4, the second

type semiconductor layer 124 has a resistivity p 2 and a

t )

— —— to make the current
Pl P2

spreading length of the first type semiconductor layer 122
to be less than the current spreading length of the second
type semiconductor layer 124.

[0076] Since thefirsttype semiconductorlayer 122 has
the short current spreading length, the first type semi-
conductor layer 122 for example has high resistivity and
is thin in thickness, as illustrated in Fig. 3. Furthermore,
since the edge isolation structure 130 accompanied with
the first type semiconductor layer 122 having the short
current spreading length limits carriers spreading to the
side surface of the micro-LED 100A to be rare or none,
the leakage currents of the micro-LED 100A can be re-
duced regardless of the lattice defects in the side surface
of the micro-LED 100A, which is helpful for continue min-
iaturization of the micro-LED 100A.

[0077] In some embodiments, the first type semicon-
ductor layer 122 is made of, for example, p-doped GaN
or p-doped AlGalnP. The thickness of the first type sem-
iconductor layer 122 is in a range from 50 nm to 20 um.
The first type semiconductor layer 122 is formed by, for
example, epitaxy.

[0078] In some embodiments, the first type semicon-
ductor layer 122 may include an optional ohm contact
layer (not shown) to reduce the contact resistance be-
tween the first conductive layer 140 and the first type
semiconductor layer 122. In some embodiments, the
ohm contact layer and the rest of the first type semicon-
ductor layer 122 are made of, for example, p-doped GaN
or p-doped AlGalnP, while the ohm contactlayeris doped
more heavily than the rest of the first type semiconductor
layer 122. Alternatively, the ohm contact layer is made
of, for example, InGaN, and the rest of the first type sem-
iconductor layer 122 is made of, for example, p-doped
GaN or p-doped AlGalnP. The thickness of the ohm con-
tact layer is in a range from 5 nm to 2 um. The thickness
of the rest of the first type semiconductor layer 122 is in
arange from 50 nm to 20 pm.

[0079] In some embodiments, the second type semi-
conductor layer 124 is made of, for example, n-doped
GaN:Si. The thickness of the second type semiconductor
layer 124 isinarange from 0.1 um to 50 pm. The second
type semiconductor layer 124 is formed by, for example,
epitaxy.

[0080] Similarly, in some embodiments, the second
type semiconductor layer 124 also includes an optional
ohm contact layer (not shown) to reduce the contact re-
sistance between the second conductive layer 150 and

thickness t2, and
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the second type semiconductor layer 124. In some em-
bodiments, the ohm contact layer and the rest of the sec-
ond type semiconductor layer 124 are made of, for ex-
ample, n-doped GaN:Si, while the ohm contact layer is
doped more heavily than the rest of the second type sem-
iconductor layer 124. The thickness of the ohm contact
layer is in a range from 5 nm to 2 um. The thickness of
the rest of the second type semiconductor layer 124 is
in a range from 0.1 um to 50 pm.

[0081] In some embodiments, the active layer 123 is
made of, for example, heterostructure or quantum well
structure. The thickness of the active layer 123 is in a
range from 50 nm to 5 wm. The active layer 123 is formed
by, for example, epitaxy.

[0082] Insome embodiments, the active layer 123 can
be omitted. Inthe case that the active layer 123 is omitted,
the second type semiconductor layer 124 is directly
joined with the first type semiconductor layer 122.
[0083] The second conductive layer 150 of the micro-
LED 100A shown in Fig. 3 is at least partially joined with
the second type semiconductor layer 124, such that the
first type semiconductor layer 122, the active layer 123,
and the second type semiconductor layer 124 are dis-
posed between the first conductive layer 140 and the
second conductive layer 150. Both the first conductive
layer 140 and the second conductive layer 150 are made
of a conductive material, such as metal or a transparent
conductive material, e.g., indium tin oxide (ITO). The first
conductive layer 140 and the second conductive layer
150 can be formed by, for example, physical vapor dep-
osition (PVD) or chemical vapor deposition (CVD).
[0084] In addition, the second conductive layer 150 in
the embodiment fully contacts the second type semicon-
ductor layer 124, but the invention is not limited in this
regard. In some embodiments, the second conductive
layer 150 is in the form of a bonding wire and partially
contacts the second type semiconductor layer 124.
[0085] Insomeembodiments, acombination of the first
type semiconductor layer 122, the active layer 123, the
second type semiconductor layer 124, and the edge iso-
lation structure 130 with the passage 131 is a solid with
at least two planes. For example, the combination of the
first type semiconductor layer 122, the active layer 123,
the second type semiconductor layer 124, and the edge
isolation structure 130 with the passage 131 is a cylinder,
a polyhedron, or a trapezoidal solid.

[0086] Insomeembodiments, the edge isolation struc-
ture 130 is transparent. In some embodiments, the edge
isolation structure 130 is monochrome transparent. In
some embodiments, the edge isolation structure 130 is
reflective. In some embodiments, the edge isolation
structure 130 is monochrome reflective.

[0087] Insomeembodiments, the edge isolation struc-
ture 130 is a dielectric layer which is made of a dielectric
material, such as silicon nitride or silicon dioxide. The
thickness of the edge isolation structure 130 is in a range
from 1 nm to 5 um. The edge isolation structure 130 is
formed by, for example, physical vapor deposition (PVD),
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CVD. However, the edge isolation structure 130 of the
invention is not limited to be a dielectric layer.

[0088] Fig. 5A is an enlarged cross-sectional view of
the micro-LED 100A according to a second embodiment
of this invention. Referring now to Fig. 5A, the first type
semiconductor layer 122 and the second type semicon-
ductor layer 124 form a first p-n junction, the edge isola-
tion structure 130a and the first type semiconductor layer
122 form a second p-n junction, and the first conductive
layer 140 and the second conductive layer 150 are con-
figured to forward bias the first p-n junction while reverse
bias the second p-n junction. In an embodiment, the first
type semiconductor layer 122 is a p type semiconductor
layer, and the second type semiconductor layer 124 and
the edge isolation structure 130a are n type semiconduc-
tor layers. In another embodiment, the first type semi-
conductor layer 122 is an n type semiconductor layer,
and the second type semiconductor layer 124 and the
edge isolation structure 130a are p type semiconductor
layers. As a result, no current will flow through the part
ofthe active layer 123 corresponding to the edge isolation
structure 130a, so that the edge isolation structure 130a
can isolate current into the edge of the micro-LED 100A
and thus achieves the purpose of reducing surface re-
combination.

[0089] Other details regarding the micro-LED 100A of
Fig. 5A are similar to the micro-LED 100A of Fig. 3 and
therefore are not repeated here to avoid duplicity.
[0090] Fig. 5B is an enlarged cross-sectional view of
the micro-LED 100A according to still a third embodiment
of this invention. Referring now to Fig. 5B, the first type
semiconductor layer 122 and the second type semicon-
ductor layer 124 form a p-n junction, the edge isolation
structure 122a and the first type semiconductor layer 122
form a Schottky barrier. In the embodiments, the first type
semiconductor layer 122 may consisted of heavily Mg-
doped p-GaN (e.g., 30 nm in thickness and [Mg] = ~2.2
x 1020 ¢m-3) or moderately Mg-doped p-GaN (e.g., 120
nm in thickness and [Mg] = ~2.1 x 101® cm-3), for exam-
ple. To fabricate the edge isolation structure 122a, an
Ar* plasma treatment on the first type semiconductor lay-
er 122 was performed using a predetermined working
pressure, rf power, and a predetermined process time.
The Schottky barrier were first fabricated on the treated
surfaces of the first type semiconductor layer 122 using
an Ni/Ag/Pt ohmic contact as the first conductive layer
140. It is evident that the bias current of the Ni/Ag/Pt
contactformed on the plasma-treated surfaces of the first
type semiconductor layer 122 are nearly zero in the
measured voltage range from -1 to 5V, while the plasma-
untreated surfaces of the first type semiconductor layer
122 shows ohmic behavior. Thatis, the Ar* plasma treat-
ment to the first type semiconductor layer 122 led to the
formation of a large barrier height. As a result, no current
will flow through the part of the active layer 123 corre-
sponding to the edge isolation structure 122a, so that the
edge isolation structure 122a can isolate current into the
edge of the micro-LED 100A and thus achieves the pur-
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pose of reducing surface recombination.

[0091] Other details regarding the micro-LED 100A of
Fig. 5B are similar to the micro-LED 100A of Fig. 3 and
therefore are not repeated here to avoid duplicity.
[0092] In another embodiment, the first type semicon-
ductor layer 122 has the resistivity p, mentioned above,
the edge isolation structure layer 130 is a high resistivity
layer which has a resistivity py,, and gy, > p4. For example,
pnmay be over 10 times greater than p4, but the invention
is not limited in this regard. In some embodiments, the
edge isolation structure layer 130 can be a semiconduc-
tor layer doped with a lower concentration with respect
to the first type semiconductor layer 122, a semi-metal
layer, a ceramic layer, or a semi-insulator layer. As a
result, the edge isolation structure layer 130 can lead
most of the current to flow through the passage 131 of
the edge isolation structure layer 130, so as to limit the
emitting area of the active layer 123 at a part correspond-
ing to the passage 131 as possible. For example, under
the circumstances that the resistivity py, of the edge iso-
lation structure layer 130 is 10 times greater than the
resistivity p4 of the first type semiconductor layer 122, at
least 50% current will flow through the passage 131 hav-
ing relatively small area, so that the edge isolation struc-
ture layer 130 can achieve the purpose of reducing sur-
face recombination.

[0093] Insome embodiments, as shown in Fig. 5B, the
first type semiconductor layer 122 is a p type semicon-
ductor layer, the second type semiconductor layer 124
is an n type semiconductor layer, and the edge isolation
structure 130is a hole blocking layer. The LUMO (Lowest
Unoccupied Molecular Orbital) energy level of the edge
isolation structure 130 is lower than that of the first type
semiconductor layer 122 for atleast 0.2eV, so as to block
holes transporting from the first type semiconductor layer
122 to the active layer 123. As a result, the holes in the
first type semiconductor layer 122 can only transport to
the active layer 123 via the passage 131 of the edge
isolation structure 130. For example, the material of the
edge isolation structure 130 can be Al,GayN(4_,.,) with
superlattice structure.

[0094] Insome embodiments, as shown in Fig. 5B, the
first type semiconductor layer 122 is an n type semicon-
ductor layer, the second type semiconductor layer 124
is a p type semiconductor layer, and the edge isolation
structure 130 is an electron blocking layer. The HOMO
(Highest Occupied Molecular Orbital / Conduction band)
energy level of the edge isolation structure 130 is higher
than that of the first type semiconductor layer 122 for at
least 0.2eV, so as to block electrons transporting from
the first type semiconductor layer 122 to the active layer
123. As a result, the electrons in the first type semicon-
ductor layer 122 can only transport to the active layer
123 via the passage 131 of the edge isolation structure
130. For example, the material of the edge isolation struc-
ture 130 can be Al,Ga, N(4y.,) with superlattice structure.
[0095] Referring back to Fig. 1 and Fig. 3, in the em-
bodiment, the edge isolation structure 130 is located at
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a side of the micro p-n diodes 120a proximal to the bond-
ing electrode 310 of the receiving substrate 300. Thatis,
the passage 131 of the edge isolation structure 130 faces
toward the receiving substrate 300. However, the inven-
tion is not limited in this regard.

[0096] Fig. 6Ais across-sectional view of a micro-LED
100B disposed on a receiving substrate 300 according
to an embodiment of this invention. Fig. 6B is an enlarged
cross-sectional view of the micro-LED 100B in Fig. 6A
according to an embodiment of this invention. The micro-
LED 100B also includes a micro p-n diodes 120a, an
edge isolation structure 130, a first conductive layer 140,
and a second conductive layer 150. A combination of the
first type semiconductor layer 122, the active layer 123,
the second type semiconductor layer 124, the edge iso-
lation structure 130, the first conductive layer 140, and
the second conductive layer 150 is joined with the bond-
ing electrode 310 on the receiving substrate 300, so as
to form a micro-LED display. The difference between the
micro-LED 100B of Fig. 6A and the micro-LED 100A of
Fig. 3 is that the edge isolation structure 130 of Fig. 6A
is located at a side of the micro p-n diodes 120a distal to
the bonding electrode 310 of the receiving substrate 300,
and the second conductive layer 150 is wholly transpar-
ent. Thatis, the passage 131 of the edge isolation struc-
ture 130 of Fig. 6A faces away from the receiving sub-
strate 300.

[0097] To manufacture the micro-LED 100B shown in
Figs. 6A & 6B, a semiconductor device layer 120 and a
patterned edge isolation structure 130 can be sequen-
tially formed on a growth substrate 110 (as illustrated in
Fig. 2C). A difference between the manufacturing of the
micro-LED 100B of Fig. 6A and the micro-LED 100A of
Fig. 1 is that the formation of the first conductive layer
140 of micro-LED 100B is performed after bonding the
structure of Fig. 2C to the structure of Fig. 2E (as the
operation illustrated in Fig. 2F) and removing the growth
substrate 110. After forming the first conductive layer 140
on the thinned p-n diode layer 120, the combination of
the first conductive layer 140, the thinned p-n diode layer
120, and the edge isolation structure 130 is etched to
form a plurality of micro p-n diodes 120a (as the operation
illustrated in Fig. 2H). Alternatively, in some embodi-
ments, the first conductive layer 140 is formed on the
receiving substrate 300 in advance, rather than formed
on the thinned p-n diode layer 120. In some embodi-
ments, the first conductive layer 140 can be omitted, and
the p-n diode layer 120 can be directly joined with the
bonding electrode 310 on the receiving substrate 300.
[0098] Afterwards, to make the passage 131 of the
edge isolation structure 130 of Fig. 6A face away from
the receiving substrate 300, the micro p-n diodes 120a
can be transferred to another carrier substrate 200 to
reverse the orientation of the micro p-n diodes 120a prior
to transferring the micro p-n diodes 120a to the receiving
substrate 300 (as the operationiillustrated in Fig. 21). After
bonding the micro p-n diodes 120a to the later carrier
substrate 200, the adhesion force of the adhesive layer
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210 on the former carrier substrate 200 is decreased, so
as to separate the micro p-n diodes 120a from the former
carrier substrate 200. Alternatively, in some embodi-
ments, the micro p-n diodes 120a can be picked up twice
sequentially by two transfer heads to reverse the orien-
tation of the micro p-n diodes 120a prior to transferring
the micro p-n diodes 120a to the receiving substrate 300.
[0099] Itis noted that the edge isolation structure 130
of Fig. 6B can wholly isolate between the edge of the first
type semiconductor layer 122 and the second conductive
layer 150 (as illustrated in Fig. 4A), or partially isolate
between the edge of the first type semiconductor layer
122 and the second conductive layer 150 (as illustrated
in Fig. 4C). Under the configurations, charge carriers
spreading to the side surface of the micro-LED 100B are
rare or none. Therefore, the non-radiative recombination
occurring at the side surface of the micro-LED 100B can
be reduced, thereby increasing the efficiency of the mi-
cro-LED 100B.

[0100] Other details regarding the micro-LED 100B of
Fig. 6B are similar to the micro-LED 100A of Fig. 3 and
therefore are not repeated here to avoid duplicity.
[0101] Fig. 6C is an enlarged cross-sectional view of
the micro-LED 100B in Fig. 6A according to an embodi-
ment of this invention. A difference between the manu-
facturing of the micro-LED 100B of Fig. 6C and the micro-
LED 100B of Fig. 6A is that the operation of forming the
first conductive layer 140 can be omitted in the micro-
LED 100C of Fig. 6A, and the combination of first type
semiconductor layer 122, the active layer 123, the sec-
ond type semiconductor layer 124, and the edge isolation
structure 130 can be directly bonded to the bonding elec-
trode 310 of the receiving substrate 300. In other words,
the bonding electrode 310 can serve as the first conduc-
tive layer 140 of the micro-LED 100B of Fig. 6A.

[0102] Other details regarding the micro-LED 100B of
Fig. 6C are similar to the micro-LED 100B of Fig. 6A and
therefore are not repeated here to avoid duplicity.
[0103] Fig.7Ais a cross-sectional view of a micro-LED
100C disposed on a receiving substrate 300 according
to an embodiment of this invention. Fig. 7B is an enlarged
cross-sectional view of the micro-LED 100C in Fig. 7A
according to an embodiment of this invention. The micro-
LED 100C also includes a micro p-n diodes 120a, an
edge isolation structure 130, a first conductive layer 140,
and a second conductive layer 150, and further includes
another edge isolation structure 160. The difference be-
tween the micro-LED 100C of Fig. 7A and the micro-LED
100A of Fig. 1 is that the micro-LED 100C furtherincludes
the edge isolation structure 160 located at a side of the
micro p-n diodes 120a distal to the bonding electrode
310 of the receiving substrate 300, in which the second
conductive layer 150 extends through at least one pas-
sage 161 of the edge isolation structure 160 formed be-
tween the second type semiconductor layer 124 and the
second conductive layer 150 to be electrically coupled
with the second type semiconductor layer 124. That is,
the passage 161 of the edge isolation structure 160 of
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Fig. 7A faces away from the receiving substrate 300.
[0104] To manufacture the micro-LED 100C shown in
Figs. 7A & 7B, operations illustrated by Fig. 2A-2G can
be sequentially performed. A difference between the
manufacturing of the micro-LED 100C of Fig. 7A and the
micro-LED 100A of Fig. 1 is that the formation of the edge
isolation structure 160 is performed after removing the
growth substrate 110. After forming the edge isolation
structure 160 on the thinned p-n diode layer 120, the
combination of the edge isolation structure 160, the
thinned p-n diode layer 120, the edge isolation structure
130, and the first conductive layer 140 is etched to form
a plurality of micro p-n diodes 120a (as the operation
illustrated in Fig. 2H). Afterwards, the micro p-n diodes
120a are poised for pick up and transfer to the receiving
substrate 300 (as the operation illustrated in Fig. 2I).
[0105] Itis noted that the edge isolation structure 130
of Fig. 7B can wholly isolate between the edge of the first
type semiconductor layer 122 and the first conductive
layer 140 (as illustrated in Fig. 4A), or partially isolate
between the edge of the first type semiconductor layer
122 and the first conductive layer 140 (as illustrated in
Fig. 4C). Similarly, the edge isolation structure 160 of
Fig. 7B canwholly isolate between the edge of the second
type semiconductor layer 124 and the second conductive
layer 150 (as illustrated in Fig. 4A), or partially isolate
between the edge of the second type semiconductor lay-
er 124 and the second conductive layer 150 (as illustrated
in Fig. 4C). Under the configurations, charge carriers
spreading to the side surface of the micro-LED 100C are
rare or none. Therefore, the non-radiative recombination
occurring at the side surface of the micro-LED 100C can
be reduced, thereby increasing the efficiency of the mi-
cro-LED 100C.

[0106] Other details regarding the micro-LED 100C of
Fig. 7B are similar to the micro-LED 100A of Fig. 3 and
therefore are not repeated here to avoid duplicity.
[0107] Fig. 8 is an enlarged cross-sectional view of a
micro-LED 100A according to another embodiment of
this invention. Similar to the edge isolation structure 130
in Fig. 3, the edge isolation structure 130 of Fig. 8 partially
coveramajorsurface of the first type semiconductor layer
122 distal to the second type semiconductor layer 124.
The difference between the edge isolation structure 130
of Fig. 8 and the edge isolation structure 130 of Fig. 3 is
that the edge isolation structure 130 of Fig. 8 further at
least partially covers the side surfaces of the first type
semiconductor layer 122 and the active layer 123, and
the edge isolation structure 130 mustbe a dielectric layer.
In this configuration, the side surfaces of the first type
semiconductor layer 122 and the active layer 123 can be
protected from moisture, process contamination, and
mechanical damage by the edge isolation structure 130.
It is noted that all embodiments of the edge isolation
structure described above (i.e., the edge isolation struc-
tures 130, 130a, and 122a) can be applied if the edge
isolation structure only partially covers the side surface
of the first type semiconductor layer 122 without the side
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surface of the active layer 123.

[0108] Other details regarding the micro-LED 100A of
Fig. 8 are similar to the micro-LED 100A of Fig. 3 and
therefore are not repeated here to avoid duplicity.
[0109] Fig.9Ais a cross-sectional view of a micro-LED
100D disposed on a receiving substrate 300 according
to an embodiment of this invention. Fig. 9B is an enlarged
cross-sectional view of the micro-LED 100D in Fig. 9A
according to an embodiment of this invention. The micro-
LED 100D includes a micro p-n diode 120a, a edge iso-
lation structure 130 disposed in the micro p-n diode 120a,
a first conductive layer 140, and a second conductive
layer 150. The micro p-n diode 120a includes a first type
semiconductor layer 122, an active layer 123, and a sec-
ond type semiconductor layer 124. The first type semi-
conductor layer 122 is a p type semiconductor layer, and
the second type semiconductor layer 124 is an n type
semiconductor layer. The second type semiconductor
layer 124 is joined with the first type semiconductor layer
122. The active layer 123 is disposed between the first
type semiconductor layer 122 and the second type sem-
iconductor layer 124. The edge isolation structure 130 is
disposed between the first type semiconductor layer 122
and the active layer 123 and has at least one passage
131, and the first type semiconductor layer 122 is elec-
trically coupled with the active layer 123 through the pas-
sage 131 of the edge isolation structure 130. The first
conductive layer 140 is electrically coupled with the first
type semiconductor layer 122. The second conductive
layer 150 is electrically coupled with the second type
semiconductor layer 124. In some embodiments, the first
conductive layer 140 can be omitted, and the micro p-n
diode 120a can be directly joined with the bonding elec-
trode 310 on the receiving substrate 300.

[0110] Itis noted that the difference between the edge
isolation structure 130 of Fig. 9B and the edge isolation
structure 130 of Fig. 1 is that the edge isolation structure
130 of Fig. 9B is disposed between the first type semi-
conductor layer 122 and the active layer 123, and the
edge isolation structure 130 contacts the active layer 123.
To manufacture the micro-LED 100D shown in Fig. 9B
in which the edge isolation structure 130 is disposed be-
tween the first type semiconductor layer 122 and the ac-
tive layer 123, the formation of the edge isolation struc-
ture 130 illustrated in Figs. 2A & 2C can be brought for-
ward to be performed after the formation of the active
layer 123 and before the formation of the first type sem-
iconductor layer 122 illustrated in Fig. 2B.

[0111] Fig. 9C is an enlarged cross-sectional view of
the micro-LED 100D in Fig. 9A according to another em-
bodiment of this invention. The difference between the
edge isolation structure 130 of Fig. 9C and the edge iso-
lation structure 130 of Fig. 9B is that the edge isolation
structure 130 of Fig. 9C is disposed in the first type sem-
iconductor layer 122 without contacting the active layer
123. In this configuration, the first type semiconductor
layer 122 may protect the active layer 123 while manu-
facturing the edge isolation structure 130.
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[0112] To manufacture the micro-LED 100D shown in
Fig. 9C in which the edge isolation structure 130 is dis-
posed in the first type semiconductor layer 122, the for-
mation of the edge isolation structure 130 illustrated in
Figs. 2A & 2C can be brought forward to be performed
during the formation of the first type semiconductor layer
122 illustrated in Fig. 2B. For example, the edge isolation
structure 130 can be formed after forming 10% of the first
type semiconductor layer 122, and the rest 90% of the
first type semiconductor layer 122 is then formed after
the formation of the edge isolation structure 130.
[0113] Other details regarding the micro-LED 100D of
Fig. 9C are similar to the micro-LED 100D of Fig. 9B and
therefore are not repeated here to avoid duplicity.
[0114] Fig. 9D is an enlarged cross-sectional view of
the micro-LED 100D in Fig. 9A according to an embod-
iment of this invention. The differences between the edge
isolation structure 130 of Fig. 9D and the edge isolation
structure 130 of Fig. 1 are that the edge isolation structure
130 of Fig. 9D is disposed between the first type semi-
conductor layer 122 and the active layer 123, the edge
isolation structure 130 contacts the active layer 123, the
first type semiconductor layer 122 is an n type semicon-
ductor layer, and the second type semiconductor layer
124 is a p type semiconductor layer. To manufacture the
micro-LED 100D shown in Fig. 9D in which the edge iso-
lation structure 130 is disposed between the first type
semiconductor layer 122 and the active layer 123, the
formation of the edge isolation structure 130 illustrated
in Figs. 2A & 2C can be brought forward to be performed
before the formation of the active layer 123 illustrated in
Fig. 2B.

[0115] Intheembodiment, after the patterned edgeiso-
lation structure 130 is formed on the first type semicon-
ductor layer 122, the active layer 123 is formed from the
passage 131 of the edge isolation structure 130, but the
invention is not limited in this regard. In some embodi-
ments, after the patterned edge isolation structure 130
is formed on the first type semiconductor layer 122, the
passage 131 of the edge isolation structure 130 can be
further filled with first type semiconductor layer 122.
[0116] Other details regarding the micro-LED 100D of
Fig. 9D are similar to the micro-LED 100D of Fig. 9B and
therefore are not repeated here to avoid duplicity.
[0117] Fig. 9E is an enlarged cross-sectional view of
the micro-LED 100D in Fig. 9A according to another em-
bodiment of this invention. The difference between the
edge isolation structure 130 of Fig. 9E and the edge iso-
lation structure 130 of Fig. 9D is that the edge isolation
structure 130 of Fig. 9E is disposed in the first type sem-
iconductor layer 122 without contacting the active layer
123.

[0118] To manufacture the micro-LED 100D shown in
Fig. 9E in which the edge isolation structure 130 is dis-
posed in the first type semiconductor layer 122, the for-
mation of the edge isolation structure 130 illustrated in
Figs. 2A & 2C can be brought forward to be performed
during the formation of the first type semiconductor layer
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122llustrated in Fig. 2B. For example, the edge isolation
structure 130 can be formed after forming 90% of the first
type semiconductor layer 122, and the rest 10% of the
first type semiconductor layer 122 is then formed after
the formation of the edge isolation structure 130.
[0119] Other details regarding the micro-LED 100D of
Fig. 9E are similar to the micro-LED 100D of Fig. 9D and
therefore are not repeated here to avoid duplicity.
[0120] Fig. 9F is an enlarged cross-sectional view of
the micro-LED 100D in Fig. 9A according to an embod-
iment of this invention. The difference between the micro-
LED 100D of Fig. 9F and the micro-LED 100D of Fig. 9B
is that the micro-LED 100D of Fig. 9F further includes a
edge isolation structure 160. The edge isolation structure
160 is disposed between the active layer 123 and the
second type semiconductor layer 124. That is, the edge
isolation structures 130 and 160 are respectively located
at opposite sides of the active layer 123. To manufacture
the micro-LED 100D shown in Fig. 9F in which the edge
isolation structure 130 is disposed between the first type
semiconductor layer 122 and the active layer 123 and
edge isolation structure 160 is disposed between the sec-
ond type semiconductor layer 124 and the active layer
123, the formation of the edge isolation structure 160 can
be performed after the formation of the second type sem-
iconductor layer 124 and before the formation of the ac-
tive layer 123 illustrated in Fig. 2B, and the formation of
the edge isolation structure 130 illustrated in Figs. 2A &
2C can be brought forward to be performed after the for-
mation of the active layer 123 and before the formation
of the first type semiconductor layer 122 illustrated in Fig.
2B. Similarly, in some embodiments, the passage 161 of
the edge isolation structure 160 can be filled with the
active layer 123 or the second type semiconductor layer
124.

[0121] Other details regarding the micro-LED 100D of
Fig. 9F are similar to the micro-LED 100D of Fig. 9B and
therefore are not repeated here to avoid duplicity.
[0122] Fig. 9G is an enlarged cross-sectional view of
the micro-LED 100D in Fig. 9A according to another em-
bodiment of this invention. The differences between the
edge isolation structures 130 and 160 of Fig. 9G and the
edge isolation structures 130 and 160 of Fig. 9F are that
the edge isolation structure 130 of Fig. 9G is disposed in
the first type semiconductor layer 122 without contacting
the active layer 123 and the edge isolation structure 160
of Fig. 9G is disposed in the second type semiconductor
layer 124 without contacting the active layer 123. In this
configuration, the first type semiconductor layer 122 may
protect the active layer 123 while manufacturing the edge
isolation structure 130.

[0123] Insome embodiments, only one ofthe edge iso-
lation structures 130 and 160 is formed to contact the
active layer 123, and the other one of the edge isolation
structures 130 and 160 is formed without contacting the
active layer 123.

[0124] To manufacture the micro-LED 100D shown in
Fig. 9G in which the edge isolation structure 130 is dis-
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posed in the first type semiconductor layer 122 and the
edge isolation structure 160 is disposed in the second
type semiconductor layer 124, the formation of the edge
isolation structure 160 can be performed during the for-
mation of the second type semiconductor layer 124 illus-
trated in Fig. 2B, and the formation of the edge isolation
structure 130 illustrated in Figs. 2A & 2C can be brought
forward to be performed during the formation of the first
type semiconductor layer 122 illustrated in Fig. 2B. For
example, the edge isolation structure 160 can be formed
after forming 90% of the second type semiconductor lay-
er 124, and the rest 10% of the second type semicon-
ductor layer 124 is then formed after the formation of the
edge isolation structure 160. For example, the edge iso-
lation structure 130 can be formed after forming 10% of
the first type semiconductor layer 122, and the rest 90%
of the first type semiconductor layer 122 is then formed
after the formation of the edge isolation structure 130.
[0125] Other details regarding the micro-LED 100D of
Fig. 9G are similar to the micro-LED 100D of Fig. 9F and
therefore are not repeated here to avoid duplicity.
[0126] Insome embodiments, the edge isolation struc-
ture 130 is disposed in the micro p-n diode 120a (e.g.,
between at least a part of the first type semiconductor
layer 122 and the active layer 123 as shown in Fig. 9F
and Fig. 9G), and the edge isolation structure 160 is dis-
posed outside the micro p-n diode 120a (e.g., between
the second type semiconductor layer 124 and the second
conductive layer 150 as shown in Fig. 5B). In some em-
bodiments, the edge isolation structure 130 is disposed
outside the micro p-n diode 120a (e.g., between the first
type semiconductor layer 122 and the first conductive
layer 140 as shown in Fig. 5B), and the edge isolation
structure 160 is disposed in the micro p-n diode 120a
(e.g., between at least a part of the second type semi-
conductor layer 124 and the active layer 123 as shown
in Fig. 9F and Fig. 9G).

[0127] Itis noted that in the micro-LEDs 100D of Fig.
9B to Fig. 9G, to achieve the purpose of reducing surface
recombination, the edge isolation structure 130 is a die-
lectric layer in some embodiments, but the invention is
not limited in this regard. In some embodiments, the first
type semiconductor layer 122 and the second type sem-
iconductor layer 124 form a first p-n junction, the edge
isolation structure 130 and the first type semiconductor
layer 122 form a second p-n junction, and the first con-
ductive layer 140 and the second conductive layer 150
are configured to forward bias the first p-n junction while
reverse bias the second p-n junction. In some embodi-
ments, the first type semiconductor layer 122 and the
second type semiconductorlayer 124 form a p-njunction,
and the edge isolation structure 130 and the first type
semiconductor layer 122 form a Schottky barrier. Insome
embodiments, the first type semiconductor layer 122 has
the resistivity p4, the edge isolation structure 130 is a
high resistivity layer which has a resistivity py,, and py, >
p1- In some embodiments, the first type semiconductor
layer 122 is a p type semiconductor layer, the second
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type semiconductor layer 124 is an n type semiconductor
layer, and the edge isolation structure 130 is a hole block-
ing layer. In some embodiments, the first type semicon-
ductor layer 122 is an n type semiconductor layer, the
second type semiconductor layer 124 is a p type semi-
conductor layer, and the edge isolation structure 130 is
an electron blocking layer. The mechanism of leading
current of the edge isolation structure 160 of Fig. 9F and
Fig. 9G can be similar to one of the above embodiments
of the edge isolation structure 130 and therefore are not
repeated here to avoid duplicity.

[0128] Fig. 10 is a cross-sectional view illustrating the
receiving substrate 300 according to an embodiment of
the invention. Referring to Fig. 10, a buffer layer 320 is
formed on a substrate 301. A gate insulating layer 330
is formed on the entire surface of the substrate 301 hav-
ing the semiconductor layer 325. A gate electrode 340a,
an interlayer insulating layer 350, and source and drain
electrodes 340b and 340c are formed on the gate insu-
lating layer 330 to constitute a top gate structured thin
film transistor (TFT). A passivation layer 360 and a
planarization layer 365 are sequentially formed on or over
an entire surface of the substrate 301, and a bonding
electrode 310 is formed on the planarization layer 365
such that the bonding electrode 310 is electrically con-
nected to the source or drain electrodes 340b and 340c
by way of a via hole (not shown) formed through the pas-
sivation layer 360 and the planarization layer 365. A pixel
defining layer 375 is then formed on or over the planari-
zation layer 365 and/or a portion of the bonding electrode
310 to partially expose (or to expose a portion of) the
bonding electrode 310.

[0129] It is to be appreciated that the receiving sub-
strate 300 with the top gate structured TFT illustrated in
Fig. 10 is meant to be exemplary. Fig. 11 is a cross-
sectional view illustrating the receiving substrate 300 ac-
cording to another embodiment of the invention. Refer-
ringto Fig. 11, in the embodiment, the receiving substrate
300 s illustrated to include a bottom gate structured TFT,
and the number of photomasks used to fabricate the re-
ceiving substrate 300 varies as needed. In some embod-
iments, a variety of suitable TFT of the receiving substrate
300 can be utilized in the invention.

[0130] Fig. 12 is a circuit diagram of a subpixel with
2T1C circuitry according to an embodiment of the
invention. In such an embodiment, the circuit can be used
in the receiving substrate 300 illustrated in Fig. 10 or Fig.
11, which makes the receiving substrate 300 become an
active matrix display substrate. The circuit includes a
switching transistor T1, a driving transistor T2, a storage
capacitor Cs, and a micro-LED 100. The transistors T1,
T2 can be any type of transistor such as a thin film
transistor. For example, the switching transistor T1 can
be an n-type metal-oxide semiconductor (NMOS)
transistor, and the driving transistor T2 can be a p-type
metal-oxide semiconductor (PMOS) transistor. The
switching transistor T1 has a gate electrode connected
to a scan line Vgq ot and a first source/drain electrode
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connected to a data line Vy,,. The driving transistor T2
has a gate electrode connected to a second source/drain
electrode of the switching transistor T1 and a first
source/drain electrode connected to a power source V.
The storage capacitor Cs is connected between the gate
electrode of the driving transistor T2 and the first
source/drain electrode of the driving transistor T2. The
micro-LED 100 has an anode electrode connected to a
second source/drain electrode of the driving transistor
T2 and a cathode electrode connected to a ground V.
[0131] In operation, a voltage level scan signal turns
on the switching transistor T1, which enables the data
signal to charge the storage capacitor Cs. The voltage
potential that stores within the storage capacitor Cs de-
termines the magnitude of the current flowing through
the driving transistor T2, so that the micro-LED 100 can
emit light based on the current. It is to be appreciated
that the 2T1 C circuitry is meant to be exemplary, and
that other types of circuitry or modifications of the tradi-
tional 2T1C circuitry are contemplated in accordance with
embodiments of the invention. For example, more com-
plicated circuits can be used to compensate for current
distribution to the driver transistor and the micro device,
or for their instabilities.

[0132] Fig. 13is a circuit diagram of a subpixel accord-
ing to an embodiment of the invention. In such an em-
bodiment, the circuit used in the receiving substrate 300
makes the receiving substrate 300 become a passive
matrix display substrate.

Claims

1. A micro-light-emitting diode (micro-LED) (100A),
comprising:

a first type semiconductor layer (122);

a second type semiconductor layer (124) joined
with the first type semiconductor layer (122);

a first edge isolation structure (130) joined with
the first type semiconductor layer (122);

a first electrode (140) electrically coupled with
thefirst type semiconductor layer (122), wherein
at least a part of a vertical projection of an edge
of the first type semiconductor layer (122) on the
first electrode (140) overlaps with the first elec-
trode (140), and the first edge isolation structure
(130) is at least partially located on the part of
the first type semiconductor layer (122); and

a second electrode (150) electrically coupled
with the second type semiconductor layer (124),
wherein at least one of the first electrode (140)
and the second electrode (150) is at least par-
tially transparent.

2. The micro-LED (100A) of claim 1, wherein the verti-
cal projection of the edge of the first type semicon-
ductor layer (122) on the first electrode (140) wholly
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overlaps with the first electrode (140), and the first
edge isolation structure (130) is at least partially lo-
cated on the vertical projection of the first type sem-
iconductor layer (122).

The micro-LED (100A) of claim 1, wherein the verti-
cal projection of the edge of the first type semicon-
ductor layer (122) on the first electrode (140) wholly
overlaps with the first electrode (140), and the first
edge isolation structure (130) is wholly located on
the vertical projection of the first type semiconductor
layer (122).

The micro-LED (100A) of claim 1, wherein the first
edge isolation structure (130) is a dielectric layer.

The micro-LED (100A) of claim 1, wherein the first
type semiconductor layer (122) and the second type
semiconductor layer (124) form a first p-n junction,
the first edge isolation structure (130a) and the first
type semiconductor layer (122) form a second p-n
junction, and the first electrode (140) and the second
electrode (150) are configured to forward bias the
first p-n junction while reverse bias the second p-n
junction.

The micro-LED (100A) of claim 1, wherein the first
type semiconductor layer (122) is a p type semicon-
ductor layer, the second type semiconductor layer
(124) and the first edge isolation structure (130) are
n type semiconductor layers.

The micro-LED (100A) of claim 1, wherein the first
type semiconductor layer (122) is an n type semi-
conductor layer, the second type semiconductor lay-
er (124) and the first edge isolation structure (130)
are p type semiconductor layers.

The micro-LED (100A) of claim 1, wherein the first
type semiconductor layer (122) and the second type
semiconductor layer (124) form a p-n junction, the
first edge isolation structure (122a) and the first type
semiconductor layer (122) form a Schottky barrier.

The micro-LED (100A) of claim 8, wherein the first
edge isolation structure (122a) is a plasma-treated
portion of the first type semiconductor layer (122).

The micro-LED (100A) of claim 1, wherein the first
type semiconductor layer (122) has a resistivity p4,
the first edge isolation structure (130) is a high re-
sistivity layer which has a resistivity p;,, and p,, > p4.

The micro-LED (100A) of claim 1, wherein the first
edge isolation structure (130) is an electron blocking
layer, and the first type semiconductor layer (122) is
an n type semiconductor layer.
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12. The micro-LED (100A) of claim 1, wherein the first

edge isolation structure (130) is a hole blocking layer,
and the first type semiconductor layer (122) is a p
type semiconductor layer.

13. A micro-LED display, comprising:

a substrate (300) having a bonding electrode
(130); and

atleastone micro-LED (100A) of claim 1, where-
in a combination of the first type semiconductor
layer (122), the second type semiconductor lay-
er (124), the first edge isolation structure (130),
the first electrode (140), and the second elec-
trode (150) is joined with the bonding electrode
(310), the first type semiconductor layer (122)
is proximal to the substrate (300), and the sec-
ond type semiconductor layer (124) is distal to
the substrate (300).

14. A micro-LED display, comprising:

a substrate (300); and

atleastone micro-LED (100A) of claim 1, where-
in a combination of the first type semiconductor
layer (122), the second type semiconductor lay-
er (124), the first edge isolation structure (130),
the first electrode (140), and the second elec-
trode (150) is joined with the substrate (300),
the first type semiconductor layer (122) is prox-
imalto the substrate (300), the second type sem-
iconductor layer (124) is distal to the substrate
(300), and the first electrode (140) serves as a
bonding electrode of the substrate (300).

15. A micro-LED display, comprising:

a substrate (300) having a bonding electrode
(310); and

atleastone micro-LED (100B) of claim 1, where-
in a combination of the first type semiconductor
layer (122), the second type semiconductor lay-
er (124), the first edge isolation structure (130),
the first electrode (150), and the second elec-
trode (140) is joined with the bonding electrode
(310), the first type semiconductor layer (122)
is distal to the substrate (300), and the second
type semiconductor layer (124) is proximal to
the substrate (300).

16. A micro-LED display, comprising:

a substrate (300); and

atleastone micro-LED (100B) of claim 1, where-
in a combination of the first type semiconductor
layer (122), the second type semiconductor lay-
er (124), the first edge isolation structure (130),
the first electrode (150), and the second elec-
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trode (140) is joined with the substrate (300),
the first type semiconductor layer (122) is distal
to the substrate (300), the second type semicon-
ductor layer (124) is proximal to the substrate
(300), and the second electrode (140) serves as
a bonding electrode of the substrate.

The micro-LED (100A) of claim 1, wherein said one
of the first electrode (140) and the second electrode
(150) is wholly transparent.

The micro-LED (100A) of claim 1, wherein the first
electrode (140) is electrically coupled with the first
type semiconductor layer (122) through at least one
passage (131) of the first edge isolation structure
(130) formed between the first type semiconductor
layer (122) and the first electrode (140).

The micro-LED (100A) of claim 18, wherein the first
type semiconductor layer (122) has a resistivity p4

and a thickness t4, the second type semiconductor
layer (124) has a resistivity p, and a thickness t,,

and t1 tz
p1

The micro-LED (100C) of claim 18, further compris-
ing:

a second edge isolation structure (160) joined
with the second type semiconductor layer (124),
wherein the second electrode (150) extends
through at least one passage (161) of the sec-
ond edge isolation structure (160) formed be-
tween the second type semiconductor layer
(124) and the second electrode (150) to be elec-
trically coupled with the second type semicon-
ductor layer (124).

The micro-LED (100A) of claim 18, wherein the first
electrode (140) at least partially covers the exposed
part of the first type semiconductor layer (122)
through the passage (131) of the first edge isolation
structure (130).

The micro-LED (100A) of claim 1, wherein the sec-
ond electrode (150) at least partially contacts the
second type semiconductor layer (124).

The micro-LED of claim 1, wherein the first electrode
(140) at least partially contacts the first type semi-
conductor layer (122).

The micro-LED (100D) of claim 1, further comprising:

an active layer (123) disposed between the first
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25.

26.

27.

28.

29.

32

type semiconductor layer (122) and the second
type semiconductor layer (124), wherein the first
edge isolation structure (130) is disposed be-
tween at least a part of the first type semicon-
ductor layer (122) and the active layer (123).

The micro-LED (100D) of claim 24, wherein the first
edge isolation structure (130) contacts the active lay-
er (123).

The micro-LED (100D) of claim 24, wherein the first
edge isolation structure (130) is disposed in the first
type semiconductor layer (122) without contacting
the active layer (123).

The micro-LED (100D) of claim 24, further compris-
ing a second edge isolation structure (160) disposed
between at least a part of the second type semicon-
ductor layer (124) and the active layer (123).

The micro-LED (100D) of claim 24, further compris-
ing:

a second edge isolation structure (160) joined
with the second type semiconductor layer (124),
wherein the second electrode (150) extends
through at least one passage (161) of the sec-
ond edge isolation structure (160) formed be-
tween the second type semiconductor layer
(124) and the second electrode (150) to be elec-
trically coupled with the second type semicon-
ductor layer (124).

The micro-LED (100A) of claim 1, wherein the pas-
sage (131) of the first edge isolation structure (130)
is in the form of an opening.



300

EP 3 096 363 A1

IOOA\’
e —— /150 /
///, / \\‘ /
/ \ 120a
I -—/r
| |
\ !
\ 130
\
N I_:,,/’/(/—mo

131

310

Fig. 1

18



EP 3 096 363 A1

0TT «

——

OIT —

0CT —

0CT—

19



EP 3 096 363 A1

dg ‘314

OTT—-

0T ~—
0cl

03\\_( :
Iel

0T ‘31

OTT—-

0T —

Iel

20



EP 3 096 363 A1

¢ 31

16— — 00¢
o1 o
0¢€l1
0Cl ——
011——
d¢ "SI
—— 00¢C

——0I¢

21



EP 3 096 363 A1

—— 00¢

01¢

——— 00¢

01¢

ovl

oﬁ\

0CI

22



EP 3 096 363 A1

I "SI

——00¢

——0I¢

0
s

01
el A
001

——00¥

23



EP 3 096 363 A1

100A

— -—

>120a

SR N
// \\

/ \ ~
[ & -/—47 124
,I
|
|
|
\

v ;////////// *’7///////// :

24



EP 3 096 363 A1

o
O
—
—
-
(ag}
i

— 122/124
122/124

e e
"D
< R R
~ TSR
) e
SRS en A5 e
L . SN S SN A SIS NSNAN
4 )
“ O
4 D
)
SO S S ety
SN N
Lttt S R G N N At
n»???.ﬁ.wwﬁ- ~ = S SIS
S e SIS SN
ANANAANNN] T L5 \ / SN
o
" N
e oy,
o
S S SN e N
S S S S S S SN S SN S N
R A e
N S S NSNS
oSt a et et e tatatatetatetutetatotel N tetetetetntoleteleiatatote’
R S S N L N e graey
K et
N =~
o

(
=
\O
e
—
)
(a8}
i

25



EP 3 096 363 A1

~—+ 130/160
|
|
|
|
|
|
[
[
[
[
[
[
[
|
[
L/\

S
25550

s

e
=
S5

T

s

Sy
2425

>

Ao
5
&5

A
o5

| —~122/124

26



EP 3 096 363 A1

130/160

| L 122/124
|

L:S_ -

131/161 Flg AE

27



EP 3 096 363 A1

100A
O s e 150
// \\
/ \

// \\
/ —— 124
) \
! |
! , ~120a

12

100A
///
//
S PR 150
// \\
/ \
/ \
/ \
/ ~———~—ﬁ—~ 124
[} \
I |
' |
|
\ 1
\

28

>120a




EP 3 096 363 A1

10013\‘ 131
/ //’—_— ~ \/‘150 /
i //' — >,
/ T™—~—130
/
[ L 120a
\ s
\ /
\ //
300 AN -, 2—140
~e " N

\
310

/
Fig. 6A

100B
/
7/
’
/
/
/
/
/
/
! \
: i >120a
i |
|
\ ~—/"7'\124
\ / J
\ /
\ /
\ /
\ ,
N R o o o %//—140
N
\\. ''''''''''''''''''''''''''''''''''''''''''''
~ Pid
~ -
~ -
\\\ //

29



EP 3 096 363 A1

100B

] = \

] 1 >120a
. o |

! I

\

\

-~ ——

30



EP 3 096 363 A1

[ //'—l == )
/ \*T160
1
| ~—~120a
\ /
\ .~ 130
300 =g =

310

100C

r120a

31



EP 3 096 363 A1

100A

g/;gzgsés5555555555555555555555?5?5?5555 Y
I// / ~_/-\-\\\124
; % |
| : SIS dad i ]

32

r120a




300

EP 3 096 363 A1

100D\’
_____ /150 /
// N /
/ \
\—120a
/ -—”/T’_
\ =——130
Ny
N - |2 —140
/\\ /’/ N |
131
310

Fig. 9A

33



EP 3 096 363 A1

100D
T P 150
, \
) \
/ \
/ —— 124
: \
l !
: I r120a

100D
AL s 150
, \
/ -, '
/ 7 )
/ \ )
/ 1
: \
’ |
: : *120a
\
\ ;_/7_

34



EP 3 096 363 A1

100D

>120a

100D
e T - 131
o I I T ELE) AL EECEEEE] ne el K1
/ \
/ 77 \
/ \
/ \ N
/ 122

\
\
1
130~,\—/’— W , >120a
\

35



EP 3 096 363 A1

100D

~120a

100D

l I s sy ~120a

36



EP 3 096 363 A1

375

365
360

\‘74‘
-------------------------- D NN LU0
S NSRRIy -
A LKA
I////l /////// -
525 Fig. 10
300 310
I
NN N NN N Y \____ AN
77777 /.

Fig. 11

37



EP 3 096 363 A1

Data Driver (V gaa) Power (Vg4q)
Scan Driver 4 A
(Vselect) Cs
—
1
? T1 CI T2
100
T\

Ground (V)

Fig. 12

38



EP 3 096 363 A1

Data line

Scan line

100

Fig. 13

39




10

15

20

25

30

35

40

45

50

55

EP 3 096 363 A1

9

Européisches
Patentamt

European

Patent Office EUROPEAN SEARCH REPORT

Office européen

des brevets

N

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 16 15 8015

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X EP 0 526 220 Al (MOTOROLA INC [US]) 1-5, INV.
3 February 1993 (1993-02-03) 7-11, HO1L33/14
13-16,
18,20-29 ADD.
* column 1, Tine 53 - column 5, Tine 23; HO1L25/075
figure 1 * HO1L33/00
X US 6 429 460 Bl (CHEN TZER-PERNG [TW] ET |1-3,6,7,
AL) 6 August 2002 (2002-08-06) 10,12,
17,18,
21-23,29
* column 3, 1line 6 - column 4, Tine 20;
figures la, 1b *
* column 4, Tine 40 - Tine 64; figure 3 *
A US 2005/247949 Al (SENDA MASANOBU [JP] ET |4
AL) 10 November 2005 (2005-11-10)
* paragraph [0024] - paragraph [0030];
figure 1 *
A US 2014/116738 Al (YOKOBAYASHI YUSUKE [JP] (8,9 TECHNICAL FIELDS,
ET AL) 24 April 2014 (2014-04-24) ro
* paragraph [0027] - paragraph [0036]; HO1L
figure 1 * GO2B
* paragraph [0015] - paragraph [0016] * HO1S
A S.-1. PARK ET AL: "Printed Assemblies of [13-16

Inorganic Light-Emitting Diodes for
Deformable and Semitransparent Displays",
SCIENCE,

vol. 325, no. 5943,

20 August 2009 (2009-08-20), pages
977-981, XP055140957,

ISSN: 0036-8075, DOI:

10.1126/science. 1175690

* abstract; figures 1-3 *

The present search report has been drawn up for all claims

Place of search Date of completion of the search

The Hague 14 June 2016

Examiner

Franssen, Gijs

X : particularly relevant if taken alone
Y : particularly relevant if combined with another

A : technological background
O : non-written disclosure
P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

document of the same category

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

40




10

15

20

25

30

35

40

45

50

55

EP 3 096 363 A1

9

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

N

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 16 15 8015

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
A WO 01/93387 A2 (SANDIA CORP [US]; 20,24-28
CHOQUETTE KENT D [US]; KLEM JOHN F [US])
6 December 2001 (2001-12-06)
* page 5, line 35 - page 6, line 6; figure
1 *
A US 5 903 588 A (GUENTER JAMES K [US] ET  |20,24-28
AL) 11 May 1999 (1999-05-11)
* column 5, Tine 58 - column 6, Tine 58;
figure 2 *
A WO 2013/016676 A2 (MYTEK LLC DOING 20,24-28
BUSINESS AS VIXAR [US]; HIBBS-BRENNER MARY
K [US]; JOH) 31 January 2013 (2013-01-31)
* figures 1A-1L *
A US 2008/017878 Al (KURAMOTO KYOSUKE [JP]) |19

24 January 2008 (2008-01-24)
* paragraph [0009] *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

Place of search Date of completion of the search

The Hague 14 June 2016

Examiner

Franssen, Gijs

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O:non
P:inte

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

-written disclosure & : member of the same patent family, corresponding

rmediate document document

41




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 096 363 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 16 15 8015

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

14-06-2016
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0526220 Al 03-02-1993  EP 0526220 Al 03-02-1993
JP H05198838 A 06-08-1993
US 6429460 Bl 06-08-2002  CN 1346154 A 24-04-2002
TW 479376 B 11-03-2002
UsS 6429460 B1 06-08-2002
US 2005247949 Al 10-11-2005 AU 2003235286 Al 12-12-2003
JP 4123828 B2 23-07-2008
JP 2003347584 A 05-12-2003
TW 1285965 B 21-08-2007
US 2005247949 Al 10-11-2005
WO 03100872 Al 04-12-2003
US 2014110738 Al 24-04-2014 JP 2014086574 A 12-05-2014
US 2014110738 Al 24-04-2014
WO 0193387 A2 06-12-2001 AU 7127901 A 11-12-2001
WO 0193387 A2 06-12-2001
US 5903588 A 11-05-1999 DE 69814379 D1 12-06-2003
DE 69814379 T2 25-03-2004
DE 69825800 D1 23-09-2004
DE 69825800 T2 01-09-2005
EP 0985255 Al 15-03-2000
EP 1306943 Al 02-05-2003
JP 3928883 B2 13-06-2007
JP 4700593 B2 15-06-2011
JP 2001518236 A 09-10-2001
JP 2007053406 A 01-03-2007
UsS 5903588 A 11-05-1999
WO 9839824 Al 11-09-1998
WO 2013016676 A2 31-01-2013 US 2013034117 Al 07-02-2013
US 2015380901 Al 31-12-2015
WO 2013016676 A2 31-01-2013
US 2008017878 Al 24-01-2008 JP 2008047871 A 28-02-2008
TwW 200807773 A 01-02-2008
US 2008017878 Al 24-01-2008

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

42




	bibliography
	abstract
	description
	claims
	drawings
	search report

